Hematologic and serum biochemistry blood reference intervals were established for the endangered marsupial, the bilby (Macrotis lagotis). Blood samples were collected from 135 bilbies that were housed in a captive breeding colony or were free ranging in a 10-ha exclosure. Statistical analyses were undertaken, and significant differences in parameters were found depending on age, sex, and captive or free-ranging status of animals. These reference intervals will assist ongoing health and conservation management of this endangered marsupial species.
The endangered bilby (Macrotis lagotis) is threatened with habitat loss by introduction of agriculture, changed fire regimes, and introduced predators (Seebeck 1990; Pavey 2006; Moseby et al. 2012) . Bilbies are housed in zoos, captive breeding programs and free-ranging wildlife conservancies across Australia (L. Weir pers. comm.). Recovery programs aim to breed bilbies in captivity for release back into the wild (Pavey 2006) , with individuals transferred between institutions for genetic management. Reference values have been established from a small number of captive individuals (Clark 2004; Lynch 2008) . Captive bilbies are prone to severe periodontal disease and some have had ulceration and abscessation of the hind feet associated with inappropriate substrate (Lynch 2008) . The establishment of reference intervals for bilbies will benefit health management of bilbies in captivity and facilitate quarantine health screening when bilbies are transferred between institutions or released back into the wild.
We studied the health of captive and free-ranging bilbies in Western Australia from 2000 to 2013. As part of this study, we collected blood to establish reference intervals to explore factors that may significantly alter hematologic and serum biochemistry values in bilbies. Blood samples were collected from 135 bilbies deemed to be healthy on clinical examination by a wildlife veterinarian. Of these, 54 samples were from bilbies in a captive breeding colony at Kanyana Wildlife Rehabilitation Centre, 25 km east of Perth (32u19110S, 116u29280E), and 81 were from free-ranging bilbies housed in two 10-ha exclosures at Dryandra Woodlands, approximately 170 km SE of Perth (32u469220S, 116u599490E) . Bilbies in the exclosures at Dryandra Woodlands had access to supplementary omnivore pellets as well as native vegetation. Sex and age were known for 130 and 121 bilbies, respectively.
Bilbies at Kanyana Wildlife Rehabilitation Centre were transferred from their nesting box into a black cotton bag according to standard handling practice (Jackson 2003) . The bilbies in this captive breeding colony were habituated to handling, as they were captured every 2 wk for weighing. Free-ranging bilbies were captured with Sheffield cage traps (Sheffield Wire Products, Welshpool, Western Australia, Australia), which were covered with hessian bags and baited with peanut butter and oats. Traps were set in the afternoon and checked at dawn. Captured bilbies were transferred to black cotton bags, carried to the nearby processing station, and anesthetized for blood sample collection during the morning. Bilbies' noses were exteriorized from the cotton bags to enable mask induction with isoflurane (Veterinary Companies of Australia, Kings Park, New South Wales, Australia), initially delivered by face mask at 5% isoflurane with an oxygen flow rate of 1.5 L/min. Once induced, the isoflurane was reduced to 3.5% and then to 1.5% for maintenance. No deaths or injuries occurred in adults or pouch young associated with the anesthetic procedure, which provided smooth induction, rapid recovery, and reduced stress and facilitated rapid sample collection. Quick recovery from anesthesia allowed fully conscious, free-ranging or wild animals to be released back into their burrows. Once anesthetized, the bilbies were given a clinical examination. The blood volume collected in all individuals was less than 0.5% of body weight. The hair overlying the venipuncture site was clipped with WAHLH clippers (Wahl Clipper Corporation and Unity Agencies, Victoria, Australia). Blood was collected from the lateral tail vein or the jugular vein when larger volumes of blood were required for disease screening, and the skin was prepared with 70% ethanol before venipuncture. A 23-gauge needle and 3-mL syringe for adults, or 1-mL syringe in small immature individuals, was used to collect blood into a 1-mL ethylenediaminetetraacetic acid and plain serum tube. The blood in the plain tube was centrifuged and the serum transferred to a separate plain tube. Maximum time between blood sample collection and centrifugation was 6 h, during which blood samples were stored in a cooler with ice bricks or a refrigerator. Samples were kept at approximately 4 C and transported within 24 h to the Clinical Pathology Department, Murdoch University Veterinary Hospital, for processing.
Hematologic analysis was performed on an Advia 120 hematology analyzer (Bayer, Tarrytown, New York, USA). Red blood cell count (RBC), white blood cell count (WBC), hemoglobin (Hb), hematocrit (Hct), mean cell volume, mean cell hemoglobin (MCH), and mean cell hemoglobin concentration (MCHC) were measured. Packed cell volume (PCV) was determined manually by centrifugation of a microhematocrit tube. Blood smears were stained with Wright Giemsa stain, and differential leukocyte counts, RBC, and WBC morphology and hemoparasite examinations were conducted under light microscopy. Fibrinogen concentration was determined using the heat precipitation method (Millar et al. 1971) . Biochemical analysis was performed on serum using a Randox RX Daytona analyzer (Randox Laboratories Ltd., Belfast, Ireland) to measure alkaline phosphatase (ALP), aspartate aminotransferase (AST), alanine aminotransferase (ALT), creatinine kinase (CK), total bilirubin, urea, creatinine, cholesterol, calcium, phosphorus, glucose, albumin, globulin, and total serum protein. Data were recorded using an Excel spreadsheet (Microsoft Corporation, North Ryde, New South Wales, Australia). Bilbies ,700 g were classified as nonreproductive subadults, and those .700 g were classified as reproductive adults.
Data were tested for normality using the Shapiro-Wilk test for normality using SPSS version 21 (SPSS Inc., Chicago, Illinois, USA). All hematologic parameters, apart from PCV, had nonparametric distributions. Biochemical parameters with a normal distribution were phosphorus, urea, and protein. Boxplots in SPSS were used to identify any extreme outliers, given that most of the data were nonparametric. Values were regarded as extreme outliers if the value was less than or equal to the first quartile minus three times the interquartile range or greater than the third quartile plus three times the interquartile range, as specified by SPSS. The following parameters had extreme outliers: eosinophils (2), CK (5), globulin (1), ALT (1), AST (1), urea (1), calcium (2), and glucose (2). Most extreme outliers occurred in isolation in individual bilbies, apart from two instances, in which one bilby was found to have extreme outlier results for both CK and AST and another for urea and glucose. All extreme outliers were removed before further analyses.
Reference intervals can be calculated using parametric or nonparametric methods. We used a nonparametric method, whereby the data was ranked in Excel and the 2.5 and 97.5 percentiles were obtained by adding 1 to the number of samples taken and multiplying by 0.025 or 0.975, respectively (Solberg 1996; Koepke 1998) . Statistical analyses were performed in SPSS using unpaired t-tests for normally distributed parameters and Mann-Whitney U-tests (two factors) for nonparametric data to evaluate significant differences according to age, sex, and captive vs. freeranging status. The reference intervals and descriptive statistics for hematologic and biochemistry values determined for bilbies are listed in Tables 1 and 2 . Effects of age, sex, and whether bilbies were captive or free ranging were evident in relation to hematologic and biochemical parameters. Adults had significantly greater values for RBC, Hb, Hct, MCH, MCHC, PCV, WBC, neutrophils (segmented), monocytes, albumin, and protein and significantly lower values for CK, ALP, AST, creatinine, calcium, and phosphorus than subadults (Table 3) . Males had higher ALP, calcium, and phosphorus and lower neutrophils (segmented) than females (Table 4) . Captive bilbies had significantly greater values for WBC, lymphocytes, monocytes, eosinophils, basophils, creatinine, cholesterol, and protein and significantly lower values for fibrinogen, CK, ALT, AST, phosphorus, and urea than free-ranging bilbies (Table 5) . Under microscopic examination, red and white blood cell morphology was in accordance with that described for the bilby (Clark 2004) . The predominant circulating leukocyte in bilbies is the lymphocyte, as is the case with most marsupials (Clark 2004) .
We provide a comprehensive analysis of hematologic and biochemical parameters for bilbies. Effects of age, sex, and captive/free-ranging status were evident. Higher levels of ALP and phosphorus in juveniles is most likely due to increased levels of ALP bone isoenzyme associated with bone growth (Willard et al. 1999 ). Higher protein levels in adults supports findings that total protein concentrations generally increase with age in animals (Kaneko 1997 or low-level stressor factors inherent in a captive environment. Increased CK and AST levels in free-ranging bilbies are indicative of muscle injury associated with the stress of capture (Thrall 2004 ), compared with captive bilbies habituated to handling. These reference intervals provide a critical resource for captive health management of bilbies, which is important for recovery efforts to save this endangered species.
